Objective: To determine the impact of BMI on post-operative outcomes and resource utilization following elective total hip arthroplasty (THA). Design: A retrospective cohort analysis on all primary elective THA patients between 1996 and 2004. Primary outcomes investigated using regression analyses included length of stay (LOS) and costs (US dollars). Setting: Mayo Clinic Rochester, a tertiary care centre. patients. Overall operative and anaesthesia costs were higher in the morbidly obese group ($5688) than in normal ($5553), overweight ($5549) and obese ($5593) patients (P 5 0?03). Operating room costs were higher in morbidly obese patients ($3418) than in normal ($3276), overweight ($3291) and obese ($3340) patients (P , 0?001). Post-operative costs were no different (P 5 0?30). Blood bank costs differed (P 5 0?002) and were lower in the morbidly obese group ($180) compared with the other patient groups (P , 0?05). Other differences in costs were not significant. Morbidly obese patients were more likely to be transferred to a nursing home (24?1 %) than normal (18?4 %), overweight (17?9 %) or obese (16?0 %) patients (P 5 0?001 each). There were no differences in the composite endpoint of 30 d mortality, re-admissions, re-operations or intensive care unit utilization. Conclusions: BMI in patients undergoing primary elective THA did not impact LOS or overall institutional acute care costs, despite higher operative costs in morbidly obese patients. Obesity does not increase resource utilization for elective THA.
The National Health and Nutrition Examination Surveys revealed that the prevalence of obesity in the US population has increased from 14?5 % in 1976-80 (1) to 32?2 % in 2003-4 (2) . This trend is likely to continue, as will the economic burden of obesity-related disorders (3) . Patients with moderate to severe obesity have higher health-care utilization and costs (4, 5) compared with other standardized body mass groups. The direct and indirect costs of obesity-related disorders in the USA are estimated to be between $US 52 and $US 95 billion annually (4, 6) . The increase in the obesity epidemic parallels that of hip osteoarthritis. Twenty million adults in the USA are estimated to have osteoarthritis (7) . The total societal cost of caring for patients with arthritis has burgeoned from $US 20 billion in 1997 to $US 128 billion in 2003 (8, 9) . Although age is the most important risk factor (10) , obesity is also associated with the development of symptomatic osteoarthritis of the hip (11, 12) . Total hip arthroplasty (THA) for osteoarthritis improves mobility, relieves osteoarthritic pain and is cost-effective in ageing adults (13) . From a societal perspective, THA is one of the costliest inpatient procedures considering the sheer volume performed (14) . In 2004 alone, there were 235 000 elective THA performed in the USA (15) . Few studies have examined the impact of body mass on resource utilization in the orthopaedic population (16, 17) . With the increasing prevalence of both obesity and osteoarthritis, our aim was to determine if hospital costs and length of stay (LOS) are impacted by BMI.
Experimental methods
Study design and setting A retrospective, observational cohort study was conducted on all elective unilateral THA patients admitted between 1 January 1996 and 31 December 2004. Thirteen different orthopaedic surgical teams, including an attending orthopaedic surgeon and rotating residents, performed all THA procedures at all one hospital. All surgeries were performed from Monday to Friday. Participating patients had authorized the use of their medical records for research purposes. The study was approved by the Institutional Review Board.
Data sources
All elective primary THA performed at our institution were identified (n 6009) using a previously described joint registry (18) . We specifically did not include in our query any of the following groups of patients including: those requiring urgent, revision or bilateral arthroplasties; patients transferred or initially treated at outside institutions; or a primary surgical indication of trauma or septic arthritis.
We abstracted clinical and demographic data, including age, gender, height and weight at the time of surgery, surgical indication, use of cement, dates of admission, surgery, death, discharge and last follow-up date from the joint registry. Type of anaesthesia (general, regional, combined), American Society of Anaesthesiologists (ASA) physical status, and the time and date of admissions and discharges from the intensive care unit (ICU) were abstracted from departmental databases. Other patient characteristics were obtained using the Decision Support System (DSS) database (Eclipsys, Boca Raton, FL, USA). Admission times, LOS, dismissal time and date, discharge disposition, physical location, and individual and composite centre costs were also obtained. Patient expiration was confirmed using our electronic medical record, and verified using state and federal death registries. Major comorbidities documented in this database were identified to compute a composite Charlson co-morbidity index (19) , as well as individual indicators. ). We defined LOS as the number of days from the time of admission to the time of discharge. Economic analyses were conducted from the provider perspective at the patient service level and focused on direct costs of care associated with hospital and physician services during inpatient stay. Administrative data sources identified medical resource utilization and were valued using standard methods. Hospital-billed services were valued using departmental cost-to-charge ratios, while physician services were weighted by Medicare reimbursement rates. Accounting practices remained unchanged during the study duration. All costs presented have been adjusted to reflect 2005 constant US dollars (20) . Blood bank charges were defined as the costs of storage, processing and transfusion delivery. A re-admission was defined as any re-admission to our institution related to the primary surgery performed within 30 d of dismissal. An in-hospital death was defined as a death during the indexed initial surgical episode, while 30 d mortality was defined as a death within thirty days of the indexed surgery. Patient re-operations were defined as patients requiring further surgical intervention, following the initial surgery. A priori, a composite endpoint including re-admissions, re-operations and 30 d mortality was developed to account for the anticipated low numbers of these outcomes in this elective surgical population and is referred to as 30 d outcomes (21) .
Study cohort
We excluded 367 patients from the analysis for the following reasons: incomplete cost data (n 227); multiple joint replacements during the indexed hospitalization (n 3); no research authorization (n 58). Underweight patients (BMI # 18?5 kg/m 2 ) were excluded due to sample size and analysis considerations (n 79). Our final cohort consisted of 5642 patients. With the observed sample size and overall variability, our study had 80 % power to detect a difference between each group as small as 0?19 d and $620 in costs between the comparison and obese groups.
Statistical analysis
Primary outcomes included determination of LOS and resource utilization. Analysis of resource utilization focused on three approaches as outlined in Table 1 . These approaches were selected specifically to examine resource utilization according to BMI on three separate elements of hospital flow. Statistical comparisons on baseline variables focused on a four-way comparison between normal, overweight, obese and morbidly obese groups ( Table 2) . A x 2 test was used for baseline characteristics, including gender, co-morbid conditions, anaesthesia type, admitting diagnosis, use of cemented arthroplasties, 30 d re-admission rates and discharge locations. Unadjusted LOS, unadjusted costs, age, ICU days, re-operations and ASA functional class were tested using an ANOVA. Univariate costs are demonstrated in Table 3 . Bonferroni adjustments were performed where appropriate.
The effect of BMI on the primary outcomes of LOS, overall, hospital and physician costs was examined using the entire cohort after adjusting for the baseline and surgical covariates through use of generalized linear regression models, and testing for appropriate interactions (Table 4 ). In order to provide costs adjusted for covariates, separate regression models were analysed for each categorization of cost. Covariates included in this model were age, sex, ASA class, surgical indication, use of a cemented arthroplasty, admission the day before surgery, anaesthesia type and ICU stay. Because year of surgery and Charlson co-morbidities could affect our primary outcomes, these variables were also included. For adjustment, age was classified into five different categories: ,55, 55-64, 65-69, 70-74 and .75 years. The 65-69 years age group was identified as the median age, and labelled the reference group. Each co-morbid condition was treated as an indicator variable. BMI was also treated as a nominal variable with four levels. Indicator variables were also assigned for the calendar year in which the patient was operated with 2004 as the reference category. We also adjusted for nursing unit as it has previously been demonstrated that it may impact costs (22) . Secondary outcomes included unexpected admission to the ICU from regular nursing floor, 30 d outcomes and discharge disposition. Assessments of the effects of BMI on transfer to the ICU, and on the combined endpoint of 30 d mortality, re-admissions or re-operations, were performed using logistic regression models adjusting for the specified covariates described above. A P value ,0?05 was considered statistically significant. Analyses were performed using the SAS statistical software package version 9?1 (SAS Institute, Cary, NC, USA).
Results
Patient baseline characteristics are outlined in Table 2 . Age differed between BMI groups (P , 0?001) as did gender (P , 0?001). A higher BMI was associated with a higher ASA class (P , 0?001) and a higher overall Charlson co-morbidity index (P , 0?001).
Univariate costs are demonstrated in Table 3 Table 4 ). We analysed LOS after excluding nursing home patients but it was no different (P 5 0?56; data not shown). Overall, hospital and physician costs in Analysis 1 were similar among all groups (P 5 0?20, P 5 0?25 and P 5 0?19, respectively). Blood bank costs were significantly lower in morbidly obese patients ($180) than in obese ($206), overweight ($255) or normal BMI ($274) patients (ANOVA, P 5 0?002; multiple comparison analysis, all P , 0?05). Post-operative overall, hospital and physician costs (Analysis 2) were no different between groups (P 5 0?30, P 5 0?32 and P 5 0?24, respectively). Analysis 3 represents operative and anaesthesia costs, which were higher in the morbidly obese group than in all others (all P , 0?05). All other adjusted costs were nonsignificant and are represented in Table 4 . There were no statistical differences in our composite 30 d endpoint among the normal, overweight, obese or morbidly obese groups (6?7 % v. 6?2 % v. 6?6 % v. 7?6 %; P 5 0?62). In addition, morbidly obese patients were more likely to be discharged to an assisted living facility or a nursing home (24?1 %) compared with normal BMI (18?4 %; P 5 0?001), overweight (17?9 %; P , 0?001) or obese patients (16?0 %; P , 0?001). There were no differences in the number of patients transferred to the ICU (P 5 0?47) or the number of ICU days (P 5 0?88).
Discussion
The relationship between BMI and health-care utilization is of vital importance due to the continual increase in the prevalence of obesity in the USA. Our key findings in this large inclusive cohort of over 5600 patients demonstrate that neither obese nor morbidly obese patients undergoing primary elective THA have differing LOS or overall hospital resource costs than normal BMI or overweight patients. Such findings are important in dispelling myths regarding the possible added resource use of obese patients in the peri-operative setting. However, our study is restricted to the hospital stay and lacks longer-term clinical outcome data and costs associated with the posthospital course.
Length of stay is often a major determinant in overall inpatient medical costs. There was a lack of statistical or clinical significance between groups. A previous study demonstrated that LOS is related to BMI with a 'J'-or 'U'-shaped relationship in a US population cohort (23) ; however, that particular study focused on all hospitalizations, including urgent surgeries which often portend to higher costs and may indeed be related to sicker patients, contrary to what is observed in an elective arthroplasty population. Thompson et al. estimated that future health-care costs will be higher for obese patients (24) along with a need for arthroplasty, thereby making costs likely contributing factors. However, our results suggest that in-hospital costs for obese patients are no different, suggesting that much of the possible burden, in attempts of reducing LOS, have been shifted to rehabilitation centres or home-health services, entities not captured by our data set.
Our study results confirm the results of Jibodh et al., who did not observe any differences in resource utilization among the four BMI categories they examined in elective THA patients (16) . The costs outlined in their paper ranged from $13 355 in the group with BMI , 25 kg/m 2 to $14 055 in the morbidly obese group, all of which are markedly lower than what we have demonstrated in the current study. Whether their annualized costs were standardized as ours were, is unknown. Furthermore, that paper also did not observe any differences in LOS. The only other known study examining this relationship was conducted by Epstein et al. (17) in 1987; however, their data can be considered out-of-date not only due to practice changes, differing surgical techniques and changes in interdisciplinary care, but also because their study was in an era where LOS was markedly longer than what is expected nowadays.
The observation of lower blood bank costs in the morbidly obese group is inconsistent with previous data which did not demonstrate any cost differences (16) or an association between obesity and increased intra-operative blood loss (25, 26) . As administrative data sets were used in our study, we were unable to determine the reasons for laboratory tests or the particular indications for transfusion. One possibility may be that morbidly obese patients have higher blood volumes, and can therefore lose more blood before their Hb may reach a level where transfusion is indicated. In addition, anaesthesia and operating room costs (Analysis 3, Table 4 ) were statistically higher in morbidly obese patients than other BMI categories, suggesting that there were other miscellaneous factors involved that were not captured by our databases. These higher costs, though, are consistent with the higher operative and anaesthesia times observed in our cohort.
Although we hypothesized that obese or morbidly obese patients would have a higher number of unexpected ICU admissions and ICU days, no differences were observed. The relationship between obesity and resource utilization has been examined in detail in the ICU setting and following cardiac surgery (27, 28) . Studies have been equivocal, with some demonstrating a 'U'-shaped relationship between costs and BMI, but others failing to find such a relationship (29) . Although we did not specifically measure ICU complications, our results may be due to the fact that patients admitted for elective surgical intervention have pre-operative assessments whose primary purpose is to optimize their surgical candidacy and identify peri-operative strategies to reduce surgical and postoperative complications.
We used a composite 30 d endpoint for death, readmissions and re-operations, as we had insufficient power to examine these outcomes individually. Obese patients have a higher peri-operative mortality risk due to their coexisting co-morbidities (30) . Because our centre also acts as a referral centre, we likely would be unable to capture all relevant clinical data (reason for re-admission and reason for re-operation at the patient's local facility) if a standard 90 d post-operative payment period was used; hence our data may underestimate the impact of BMI on longer-term outcomes. Yet, the present data are consistent with studies that have not shown any identifiable increases in mortality or post-operative complications among obese or morbidly obese patients undergoing cholecystectomy, hysterectomy or even cardiac surgery (30, 31) . Although there was an increasing non-statistical trend in this outcome as BMI increased, it is unknown as to whether this would differ at a higher BMI. We agree, though, that obesity is likely not associated with higher peri-operative risk or an increased risk in treatment (32) . Obesity is known to be a risk factor for long-term nursing home placement (33) . There are some studies which have demonstrated that orthopaedic surgery predicts nursing home placement (34) , but to the best of our knowledge, no data exist which primarily examine impact of obesity in post-operative elective hip arthroplasty on nursing home placement, particularly with regard to short-term placement. Our results demonstrate that morbidly obese patients were more likely to be discharged to a care facility compared with the other BMI categories following elective arthroplasty.
Peri-operative complications and care of the surgical obese patient are of concern, both to medical staff and hospital administrators. The risks associated with surgery in this population may lead to increased costs, particularly in the morbidly obese group, as has been demonstrated in our study. This analysis focuses on an economically important issue from an institutional perspective, as to whether obese or morbidly obese patients, populations at higher risk for requiring arthroplasties, have higher resource use following elective primary THA. Although the costs differences per patient may not seem overtly large, when one considers that over 200 000 hip arthroplasties are performed annually, one cannot ignore the overall economic and societal impact, particularly in a health-care system such as that in the USA where the burden of costs rests upon public funding in this population group (35, 36) . The study results can be applied to high-volume tertiary care centres with orthopaedic expertise. Such centres have lower lengths of stay and costs than corresponding lowervolume centres (37) . Previous population-based epidemiological studies demonstrated that our institution's patient population, which is of white Northern European descent in .90 % of cases, often is generalizable to a significant portion of the US white population (38) . However, we caution that our results may not necessarily be extrapolated to other races or ethnic backgrounds and that further studies are warranted to better elucidate our hypothesis in these patients (39) . By using standardized measurements, we eliminated measurement bias. Many studies estimate BMI using self-reported height and weight, which generally underestimate BMI (40) . Our costs were also standardized and adjusted for inflation. Finally, we limited our registry search to focus on unilateral elective primary THA patients to minimize any potential confounding, as urgent repairs, revisions, septic arthritis and bilateral procedures are associated with higher costs, lengths of stay and complication rates (41) . Our results can therefore provide excellent external validity only to such patients.
Our study has the inherent limitations of a retrospective study. We relied on the validity of the data in various administrative databases, whose use has been challenged by others (42, 43) . Minor procedures and diagnoses may be ignored in chart abstraction or incorrectly entered; however, the likelihood that these differences exist should be similar between groups. Administrative databases do not permit abstraction of the time and date when all hospital staff deemed that the patient was ready for discharge. Hence we relied on the actual time of discharge, which can be heavily dependent on availability at skilled nursing facilities. However, after excluding patients discharged to such facilities, our results were no different. Furthermore, a 90 d period in ascertaining costs and outcomes would be more appropriate, but could not be performed using our data set.
Our results may underestimate the differences in LOS and costs observed in obese or morbidly obese patients. Although we adjusted for baseline characteristics and medical co-morbidities, including diabetes and cardiac disease which are known to portend to higher costs (44, 45) , patients with notable co-morbid conditions may not have been surgical candidates, thereby introducing an element of selection bias. It is possible that some of the underlying differences across weight groups were removed through regression covariates. Well-known variables, including ASA, Charlson co-morbidity, surgical year and indication, cemented arthroplasty, admission the day prior to surgery, anaesthesia type and ICU stay, all are known to impact resource utility. If differences on these variables are due to BMI, the adjusted analysis will underestimate any cost differences. In fact, although there was a higher proportion of patients with degenerative joint disease in the morbidly obese group, patients with this indication had mean costs $1002 lower than other surgical indications. Additionally, there were higher proportions of obese and morbidly obese patients in years since 2000, but the costs of more recent years were $2319 less expensive. These results suggest that, despite baseline factors that were more prevalent in the obese and morbidly obese patient groups, the analysis appropriately adjusted for these variables to isolate the impact of BMI on costs. We relied on the definitions of obesity recommended by the WHO, as opposed to those based on lifeinsurance tables or older methodologies. Previous studies have determined that obese patients have 50 % higher health-care costs than 'normal' weight patients; hence we wished to determine the costs in accordance to this BMI category (46) . Although BMI is a widely used surrogate for the degree of adiposity, it not only overestimates adiposity in patients with increased musculature, but more importantly underestimates adiposity amongst the elderly, who have age-related reductions in lean mass (47, 48) . Recent data demonstrate the lower correlation coefficients between BMI and lean mass, and between BMI and percentage body fat, in the 651 years age group compared with patients below the age of 65 years (49) . Hence we may have underestimated the true impact of adiposity on resource utilization. Finally, our analysis was limited to the inpatient stay and thus we cannot determine resource utilization past dismissal. As much of the costs are shifted to post-acute care venues, rehabilitation, home-health services and skilled nursing facility costs are factors which contribute to overall resource utilization, and are not reflected in our results, leading our results to have underestimated the impact of obesity on overall resource use (50) . This study was undertaken from a hospital perspective as opposed to a societal perspective, thereby omitting potential non-medical costs which are incurred by patients and others related to the surgical intervention.
Our results cannot be extrapolated to patients with a BMI , 18?5 kg/m 2 as we had excluded this subgroup of patients from this analysis. Furthermore, indications for arthroplasty are usually different in this cohort as they are less likely to develop osteoarthritis, can be considered frail and thus may not either be candidates for the intervention or may not obtain its benefits. In addition, the inherent selection bias by both primary care providers in referring these patients for surgery and orthopaedic surgeons in operating on them is real. The scope of these issues would need to be fully ascertained to better understand them.
Our findings have significant implications for physicians, policy makers and others interested in the impact of obesity in the hospitalized patient. Using this large cohort of patients, our data suggest that there is no difference in LOS or in overall costs. Identification of measures to optimize health-care delivery in obese patients may reduce inpatient costs but would likely impact all groups alike. Little attention has been given towards the 'ageing obese' population, the need for arthroplasty and its fiscal consequences. Prospective evaluation of the impact of obesity on patient-related outcomes and costs are needed to ascertain areas where clinical pathways or interventions can be implemented to sustain efficiency and fiscal responsibility. revision of the manuscript, and approved the final submitted version. J.M.H. was involved in conceptualization and design of the study, analysis and interpretation of the data, supervision, responsible for obtaining funding, and critically reviewed the manuscript, also approved the final submitted version. We thank Donna K. Lawson, LPN, for her assistance in data collection and management.
